Much of what we currently understand about the structure and energetics of multiply charged anions in the gas phase is derived from the measurement of photoelectron spectra of simple dicarboxylate dianions. Here we have employed a modified linear ion-trap mass spectrometer to undertake complementary investigations of the ionic products resulting from laser-initiated electron photodetachment of two model dianions. Electron photodetachment (ePD) of the [M-2H]2-dianions formed from glutaric and adipic acid were found to result in a significant loss of ion signal overall, which is consistent with photoelectron studies that report the emission of slow secondary electrons (Xing et al., 2010 [20]). The ePD mass spectra reveal no signals corresponding to the intact [M-2H]•-radical anions, but rather[M-2H-CO2]'-ions are identified as the only abundant ionic products indicating that spontaneous decarboxylation follows ejection of the first electron. Interestingly however, investigations of the structure and energetics of the [M-2H-CO2]•-photoproducts by ion-molecule reaction and electronic structure calculation indicate that (i) these ions are stable with respect to secondary electron detachment and (ii) most of the ion population retains a distonic radical anion structure where the radical remains localised at the position of the departed carboxylate moiety. These observations lead to the conclusion that the mechanism for loss of ion signal involves unimolecular rearrangement reactions of the nascent [M-2H]•-carbonyloxyl radical anions that compete favourably with direct decarboxylation. Several possible rearrangement pathways that facilitate electron detachment from the radical anion are identified and are computed to be energetically accessible. Such pathways provide an explanation for prior observations of slow secondary electron features in the photoelectron spectra of the same dicaboxylate dianions. 
Much of what we now understand about the structure and stability of gas-phase MCAs •− radical anions -that incorporate a reactive carbonyloxyl radical 28 motif -but the ionic products arising from the irradiation event could not be directly de-29 tected or mass-analysed on this apparatus. In their recent photoelectron imaging study 30 of the same suite of dianions, Wang and co-workers also investigated a second population
31
of electrons appearing at near-zero kinetic energy [1, 20, 21] . This spectral signature was 32 assigned to electron autodetachment subsequent to decarboxylation of the nascent carbony-33 loxyl radical as illustrated in Scheme 1. In essence, two photoelectrons are generated from 34 one photoexcited dianion, the first with 1 -3 eV kinetic energy (depending on the length of 35 the chain) and the second electron with near-zero kinetic energy.
36
The first step in the process, described in Scheme 1, is facile decarboxylation of the would represent an alternative pathway to that outlined as the second step in Scheme 1, 56 which points to unimolecular rearrangement of the carboxylate alkyl radical being the driver 57 of electron detachment. To the authors' knowledge however, the structure and stability of 58 such carboxylatoalkyl radical anions has not been investigated and thus the likelihood of 59 such electron detachment reactions is unknown.
60
While PES has provided critical insights into the electronic structure of MCAs, determing 61 the ionic products from photodetachment of simple dianions has received less attention.
62
Ion-trap mass spectrometry coupled with laser photolysis has previously been employed 63 to generate and interrogate the ionic products arising from the photo-excitation of ions
64
[ [27] [28] [29] [30] [31] . In the present study, we have selected two dicarboxylate dianions from the ho-k col is calculated using Trajectory collision rate theory (this value is the same as both the
116
Langevin and Average Dipole Orientation (ADO) collision rates when the neutral has no 117 dipole moment, such as O 2 ). Figure S3 ). The relative abundance of the [G - 
214
These results suggest secondary electron emission may instead be arising directly from the background concentrations) for 4000 ms resulted in the mass spectrum shown in Figure 2 .
257
Plotting the natural logarithm of the m/z 86 ion decay against time demonstrated that this [-22 .2] (Scheme 2). Taken together, these data suggest the only isomer present in the m/z 86 [G -
277
CO 2 ]
•− ion population is 3-CP. 
310
The former accounts for the ion signal at m/z 85, while the latter the ions at m/z 101. [-11.3] as the parent and product are isobaric; however, the barrier for this process is 6.4 kcal mol
higher than 1,5-hydrogen atom transfer.
394
In order to test for isomerisation of the nascent 4-CB to 1-CB, the m/z 100 ion was 395 isolated in the presence of background O 2 and the resulting mass spectrum is shown in Figure   396 5(a). The natural logorithm of the m/z 100 ion decay plotted against isolation time was 
410
To investigate whether the additional products may be formed from 1-CB, an indepen-411 dent synthesis of this isomer was developed. As described in Scheme 8, 2-iodovalerate anion 
423
To account for the significant decrease in total ion count after reaction of 4-CB with
424
O 2 , we allowed the product ions generated after ePD of A 2− (m/z 72) to react with O 2 , 425 without secondary isolation of the carboxylatobutyl radical anion (m/z 100) photoproduct.
426
This allows us to decrease the low-mass cutoff to 25 Th. After subtracting the spectrum 427 measured when the dianion is isolated without ePD (presented in Supporting Information,
428
Figure S4 and S5), O 2 •− at m/z 32 ion was observed with an abundance only 10% lower than CO 3 •− at m/z 60. However, this ion accounts for only 2% of the lost total ion count and there is therefore still an 80% loss of the precursor ion signal that connot be accounted
431
for by detectable product ions.
432
Analogous to the pathways described for 3-CP-OO, we have calculated two alterna- 
Discussion

451
We have generated two short-chain aliphatic dicarboxylate dianions, glutarate (G suggesting that 2-CP is not generated during decarboxylation of the glutarate radical anion 507 and the only isomer present in the decarboxylated ion population is 3-CP (Scheme 2). In Xing et al. [20] , which suggests the remaining 97% of the carboxylatobutyl radical anion 520 population generated after decarboxylation of the nascent adipate radical anion is 4-CB.
521
The most likely explanation for the ion loss observed during reaction of 3-CP and 4- iments to undergo hydrogen atom transfers prior to reionisation [26] . Similarly, while this of carbonyloxyl radicals that have proved somewhat elusive to the experimentalist.
